As part of the U.S. Geological Survey's effort to assess the potential of the continental shelves for placer deposits within the U.S. Exclusive Economic Zone, 20 sand (2.0-0.062 mm) samples from the insular shelf of north-central Puerto Rico (Fig. 1) were analyzed for their heavy-mineral content. The heavy minerals from the silt-sized fraction (<0.062 mm) of these samples are dealt with in a separate study (Poppe and others, 1992) . Sediments from three major river systems--the Rio de la Plata, Rio Grande de Manati, and Rio Cibuco--have recently been analyzed (Luepke and Poppe, 1992) ; these sediments are among those eroded from the island and transported to the northern shelf of Puerto Rico (Schneidermann and others, 1976) . The shelf is narrow and subjected to a trade wind-dominated, high-energy regime (Schneidermann and others, 1976) . These present-day oceanographic conditions serve to keep the surficial sediment in equilibrium and promote strong seaward sorting (Schneidermann and others, 1976; Pilkey and Lincoln, 1984) .
METHODS
Splits of samples from the insular shelf off north-central Puerto Rico were collected from sediment archived at the Duke University (Durham, North Carolina) sample repository. These sediments were originally collected as grab samples and therefore represent surficial sediment. Depths were not recorded for the original samples, but none were taken at depths greater than 100 m (Fig. 1) .
Initial samples ranged in weight from 12 to 544 grams. These samples were digested in cold, dilute (10 percent) acetic acid to remove the carbonate fraction. Acetic acid was used instead of hydrochloric acid to avoid removal of apatite. The remaining siliciclastic fractions, ranging in weight from about 3 to nearly 253 g, were separated in entirety in tetrabromoethane (specific gravity, 2.96). The siliciclastic fraction comprised from 4.5 to 66 percent by weight of the total sample.
Depending on the amount of proportions were determined either counting. Eight samples that material (>3 g) were examined following the procedures described After removal of the highly the remaining sample was divided separator into three paramagnetic >0.75 ampere/ the same paramagnetj study of river sediments from and Poppe/ 1992) . sample available/ mineral by visual estimation or pointsufficient volume of a binocular microscope by Lxfiepke and Grosz (1986) .
fraction with a hand magnet/ with a Frantz isodynamic fractions: 0-0.5/ 0. Mineralogical results are shown in Table 1 . The differences between the methods of point-counting and visually-estimating mineral percentages are responsible for some of the variation seen among the mineral groups. The point-counted samples were examined in only the 0.125-0.062 mm fraction. Minerals such as zircon, rutile, epidote, and altered grains are more abundant within this grain size. The entire sand-sized fraction (2.0-0.062 mm) was examined in the visually-estimated samples. Pyroxenes and amphiboles are more common in size fractions greater than 0.125 mm.
Minerals identified include magnetite, ilmenite, pyroboles (pyroxenes plus amphiboles), epidote, garnet, sphene, zircon, apatite, tourmaline, corundum, and piedmontite. Altered grains and rock fragments were also present. Only two samples (4254 and 4339) near the mouth of the Rio Grande de Manati contain magnetite in percentages exceeding 20 percent.
Pyroboles and epidote dominate the unaltered, sand-sized mineral grains. Amphiboles are dominantly green and blue-green hornblende; pyroxenes are mostly clinopyroxene with minor orthopyroxene. Among the 12 point-counted samples, the ratios of pyroxene to amphibole were about 3:1 for the samples off the Rio de la Plata, about 2:1 off the Rio Grande de Manati, and nearly 1:1 off the Rio Cibuco. Epidote percentages include some clinozoisite.
Mica and unknowns were identified only in the point-counted samples. The presence of sand-sized (2.0-0.062 mm) mica within a sediment indicates that winnowing is not being carried out efficiently (Doyle and others, 1968) ; this situation by definition would not exist within a strong heavy-mineral concentration. Therefore, the lack of mica within the visually-estimated samples is probably real. Unknowns constitute between 0.5 and 1.5 percent of any sample and are not statistically significant as a group.
Geochemical analyses are presented in Table 2 . Elements tested for but not detected in any sample were antimony, arsenic, bismuth, germanium, gold, silver, palladium, platinum, thorium, and tungsten. Beryllium and lanthanum were either not detected or below the limits of detection in all samples. Lead is present in detectable amounts in all samples but one. Chromium values are over 1000 ppm in most samples. Cadmium is present in Sample 4924; tin is present in Sample 4914; niobium is present in Sample 4339. Statistical values for each paramagnetic fraction are given in Table 3 .
Boron, when detected, occurred only in the 0-0.5 amp or 0.5-0.75 amp fraction, and never in amounts greater than 20 ppm, the lower limit of detection (Table 2 ). Although tourmaline was not visibly detected in any analyzed sample, the presence of boron in samples 4248, 4339, 4736, 4759, tourmaline. and 4924 suggests the presence of DISCUSSION i Possible commercial concentrations of minerals found in the river sediments (Bush and others, 1988; Luepke and Poppe, 1992 ; Poppe and others, in press) may also occur in placer deposits on the insular shelf. Results from this study and earlier work on the sand fraction (Schneidermann and otners, 1976; Pilkey and Lincoln, 1984) have shown that thcs heav^-mineral distributions on northern Puerto Rico's narrow, high-energy shelf are in equilibrium and exhibit strong seaward sorting. This sorting is probably based on the seaward decrease in the energy of wavedriven bottom currents and the sptscific gravities and characteristic sizes of the heavy-mineral grains.
Samples with elevated heavy-mineral content in the silt-sized fraction, such as 4254 and 4736, were collected near river mouths. Samples with lower heavy-mineral ctontents in the silt-sized fraction, such as 4228 and 4224, tend to be from further offshore (Poppe and others, in press). These results are mirrored in the sand-sized fraction. Elevated percentages of magnetic minerals in the Rio Grande de Manati and, possibly, Rio de la Plata suggest that the shelf sediments off these rivers contain more magnetite than those present off the Rio Cibuco. Taking the three richest heavy-mineral concentrations off the mouth of each river (Table  2) , the average magnetite values within these concentrations are 10.4 percent for the Rio de la Plita, 2 Cibuco, and 30.9 percent for the Rio Grande de Manati. Monazite, a rare-earth phosphate, enriched concentrations on Puerto Rico ' Lincoln, 1984) . In this study the lanthanum, and phosphorus in all sample detection ( Table 2 ). The presence of substantiated from the data presented 6 percent for the Rio concentrations lias been reported in inner shelf (Pilkey and of thorium, were below the limits of monazite cannot be this report. in Piedmontite, a manganese-bearing epidote, has been identified for the first time in Puerto Rican offshore sediments; it has not been previously identified in rocks on Puerto Rico (Johannes Schellekens, oral communication, 1.993). Piedmontite is considered moderately stable and rare in detrital sediments (Milner, 1952, p. 499) ; its appearance in samples 4228 and 4241 (Fig. 1 ) is significant in that it is seen in of heavy minerals. It is found mostly in schists and gneisses, but also in acid volcanic rocks and manganese deposits of metasomatic or hydrothermal origin (Mange and Mauer, 1992, p. 63) . The location of the samples containing piedmontite suggest the Rio Cibuco as the conduit from its ultimate source. Economically important heavy minerals include ilmenite, chromite, zircon, and rutile. Rutile is present only in trace amounts (<0.5 percent) and zircon is present in greater than trace amounts only in Sample 4254 (at the mouth of the Rio Grande de Manati), which contains the richest heavy-mineral concentration in this study. No gold, silver, platinum, palladium, or tungsten was detected in any sample. Tin was detected in one sample near the mouth of the Rio Cibuco; tin has been detected previously.in 11 samples from the Rio Cibuco and its tributaries (Luepke and Poppe, 1992 
